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j  To  ensure  that  the  U.S.  Army's  future  weapon  systems  are  usable  by  our 

,  soldiers,  the  Army  Research  Institute  for  the  Behavioral  and  Social  Sciences 

[  (AR1)  performs  behavioral  research  to  provide  guidelines  and  specifications  for 

matching  equipment  designs  with  soldier  capabilities  and  limitations.  Within 
the  AR1  Field  Unit  at  Fort  Knox,  the  Future  Battlefield  Conditions  Team  con¬ 
ducts  applied  research  to  enhance  soldier  preparedness  through  identification 
of  future  weapon  systems  and  the  methods  for  training  to  meet  those  systems. 

This  product  by  the  ARI  Field  Unit  at  Fort  Knox  was  prepared  under  Science 

and  Technology  Task  3.5.1,  "Training  Requirements  for  NBC  and  the  Future  Inte¬ 
grated  Battlefield,"  at  the  request  of  the  TRADOC  System  Manager  (TSM)  for  the 
M1A1  Block  II.  ARI's  involvement  in  research  on  future  battlefield  conditions 
supports  the  Memorandum  of  Understanding  (MOU)  between  ARI  and  the  U.S.  Army 
Armor  Center  and  School  (USAARMC&S)  on  Land  Battle  Test  Bed  research  signed 
9  January  1986.  The  results  of  this  effort  were  briefed  to  COL  Burgess  (TSM- 
TANK)  on  6  March  1987,  and  the  report  was  provided  to  the  TSM  office  in  re¬ 
sponse  to  questions  addressed  in  Tab  D  of  the  System  MANPRINT  Management  Plan 
( SMMP ) • 


EDGAR  M.  JOHNSON 
Technical  Director 
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TRAINING  REQUIREMENTS  FOR  THE  BATTLEFIELD  MANAGEMENT  SYSTEM  ( BMS) :  i 

A  PRELIMINARY  ANALYSIS  j 

i 


INTRODUCTION 


Background 


For  the  current  stage  of  product  improvements  to  the  M1A1  tank,  the  Army 
has  authorized  the  production  of  a  set  of  enhancements  collectively  labelled 
Block  II.  Anticipated  upgrades  to  any  weapon  system,  however,  may  result  in 
unanticipated  complications,  even  system  degradation,  unless  their  design  and 
development  efforts  systematically  address  product-related  manpower  and  per¬ 
sonnel  integration  (MANPRINT)  issues.  The  goal  of  the  MANPRINT  program, 
therefore,  is  to  improve  total  system  (soldier  and  equipment)  performance  by 
the  continuous  integration  of  human  factors  engineering,  mahpower,  personnel, 
training,  system  safety  and  health  hazard  considerations  throughout  the  mate¬ 
riel  development  and  acquisition  process.  One  important  MANPRINT  issue  is 
the  timely  identification  of  training  requirements — what  needs  to  be  trained, 
when  and  where — associated  with  the  system  or  subsystem  under  development. 
This  report  identifies  training  requirements  associated  with  one  of  the  Block 
II  components,  a  first-generation  Battlefield  Management  System  (BMS)  which 
is  expected  to  partially  automate  the  command,  control  and  communication  (C3) 
of  lower  echelons. 

In  support  of  MANPRINT,  The  Army  Research  Institute  for  the  Behavioral 
and  Social  Sciences  (ARI)  has  Initiated  a  wide-ranging  program  to  identify, 
test  and  revise  MANPRINT  support  technologies.  ARI's  responsibility  for 
providing  research  and  development  (R&D)  on  MANPRINT-related  analytical  tech¬ 
nologies  is  part  of  ARI's  mission  as  an  element  of  the  Office  of  the  Deputy 
Chief  of  Staff  for  Personnel  (ODCSPER).  ARI's  approach  to  meeting  MANPRINT 
requirements  has  focused  on  defining  the  functional  characteristics  of  a 
system  and  viewing  system  operators  as  extensions  of  the  system.  This  analy¬ 
sis  of  BMS  training  requirements  is  consistent  with  thl6  approach  and  has 
focused  on  the  functional  characteristics  of  the  anticipated  BMS  system  as 
related  to  the  task  requirements  of  a  typical  BMS  operator. 

Preliminary  BMS  training  requirements,  the  subject  of  this  report,  were 
identified  by  ARI-Knox  at  the  request  of  the  MANPRINT  Joint  Working  Group 
(JVG)  for  the  N1A1  Block  II.  The  analysis  was  conducted  to  answer,  at  least 
partially,  some  of  the  training  and  personnel  questions  raised  by  the  JVG  in 
their  preparation  of  the  System  MANPRINT  Management  Plan  (SMMP)  for  M1A1 
Block  II. 

In  general.  Block  II  enhancements  to  the  M1A1  include:  enhanced  surviv¬ 
ability,  data  bus,  navigation  system  (POSNAV),  002  laser  range  finder  (LRF), 
driver's  and  commander's  Independent  thermal  viewers  (DTV,  CITY),  Improved 
commander's  weapon  station,  and  intervehlcular  information  system  (IVIS). 
IVIS,  a  starter  set  for  BMS,  is  expected  to  initiate  the  automation  of  C3 
functions  for  lower  echelon,  battalion-down,  Armor  units. 

As  noted  in  the  Operational  and  Organization  (0&0)  Plan  for  BMS,  the  pace 
of  the  Air  Land  Battle  and  the  numerical  superiority  of  opposing  forces 
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(OPFOR)  require  significant  improvements  in  the  U.S.  Army's  command,  control 
and  communication  (C3)  capabilities.  Although  the  M1A1  tank  is  generally 
regarded  as  the  most  lethal  and  mobile  armored  weapon  system  in  the  world, 
its  capability  is  severely  constrained  by  repetitive,  time  consuming  and 
manual  C3  functions.  A  primary  goal  of  the  immediate  Block  II  additions  to 
the  M1A1,  therefore,  is  to  significantly  upgrade  this  weapon  system's  per¬ 
formance  by  technological  enhancements  in  the  areas  of  C  . 

The  training  requirements  for  IVIS  are  the  immediate  concern  of  this 
analysis,  and  not  the  other  Block  II  enhancements.  Training  requirements  for 
each  of  the  Block  II  enhancements  are  anticipated  and  shall  be  integrated 
with  the  current  findings  by  the  JWG  in  their  preparation  of  the  SMMP. 

This  subjective  analysis  of  BMS  training  requirements  anticipated  three 
successive  generations  of  lower  echelon  automated  C3  systems  that  are  antici¬ 
pated  as  a  result  of  technological  advances  enabling  BMS  product  improve¬ 
ments.  In  the  near  term,  IVIS  has  been  designated  as  the  precursor  to  BMS. 

In  midterm,  BMS  Is  expected  to  emerge  with  the  addition  of  a  digitized  ter¬ 
rain  data  base  to  IVIS.  In  the  far  term,  the  addition  of  artificial  intelli¬ 
gence  (Al),  with  tactical  decision  making  capabilities,  to  BMS  is  expected  to 
culminate  in  an  objective  C3  system  referred  to  in  this  report  as  BMS/AI. 

Training  requirements  were  identified  by  analyzing  changes  In  the  platoon 
leader's  (PLT  LDR)  task  requirements  associated  with  each  of  these  three 
generations  of  automated  C3  systems.  The  primary  objectives  of  this  analysis 
were  to  Identify;  the  wide  range  of  PLT  LDR's  tasks  that  may  be  affected  by 
these  automated  C3  systems;  the  extent  to  which  the  difficulty  of  training 
and  performing  these  tasks  might  be  increased,  reduced  or  eliminated  by  auto¬ 
mation;  and,  the  nature  and  configuration  of  training  devices  that  might  be 
needed  to  meet  these  training  requirements. 


Emerging  Systems 

Lower  echelon  automated  C3  systems  such  as  IVIS  and  BMS  are  emerging 
systems.  Currently,  IVIS  Is  undergoing  Engineering  Design  Tests  by  the  con¬ 
tractor  (EDT-C).  Design  specifications  for  IVIS  have  not  been  formulated, 
and  the  EDT-C  version  of  IVIS  is  the  first  time  that  a  prototype  has  been  de¬ 
veloped  to  directly  test  IVIS-based  C3  functions.  With  respect  to  BMS  devel¬ 
opment,  the  0&0  plan  for  BMS  has  yet  to  be  approved  by  TRADOC.  BMS  design 
specifications  have  not  been  established,  but  several  prototype  EMS  systems 
have  been  developed  to  assess  user  requirements.  Most  notably,  Texas  Instru¬ 
ments  provided  a  prototype  BMS  that  was  used  to  identify  user  information 
requirements  (Jobe,  1986)  and  Lockheed  developed  another  BMS  prototype  that 
was  used  to  Identify  user  interface  requirements  (Lickteig,  1986).  ARI’s 
involvement  with  these  prototypes,  and  the  early  formulation  of  automated  C3 
functional  requirements  at  the  lower  echelon  (Blasche  and  Lickteig,  1984), 
served  as  the  basis  for  this  preliminary  analysis  of  BMS  training  require¬ 
ments. 

Both  the  design  and  development  of  lower  echelon  automated  C  is  itera¬ 
tive.  The  proposed  BMS,  as  specified  in  the  0&0  Plan,  is  an  ambitious  con¬ 
cept  that  has  already  slipped  well  beyond  the  original  developmental 
milestones  that  projected  BMS  fielding  in  1988.  Monetary  and  technological 


S' 

is 


1 


g 

% 

$ 

£ 

51: 

w 

I 

V 


H 

I 


v 

V 

v 


IS* 

Ivt 

r 

l 


constraints  have  forced  BMS  combat  developers  to  both  lower  their  near  term 
requirements,  and  extend  their  projected  acquisition  schedule.  IVIS,  for 
example,  was  initiated  in  response  to  these  constraints  as  a  BMS  starter  set, 
yet  even  IVIS  is  not  scheduled  for  M1A1  production  cut-in  until  mid  1990.  In 
view  of  these  contraints,  and  the  complexities  inherent  in  the  materiel  ac¬ 
quisition  process,  it  was  decided  that  the  most  useful  analysis  of  BMS  train¬ 
ing  requirements  would  be  one  tailored  to  the  successive  generations,  or 
levels,  of  C3  automation  anticipated. 


Levels  of  Automation 


For  this  preliminary  analysis,  training  requirements  unique  to  three 
cumulatively  automated  C3  systems--IVIS,  BMS,  BMS/AI — were  identified.  Be¬ 
fore  describing  each  of  these  levels  in  some  detail,  it  should  be  noted  that 
the  latter  distinction  between  BMS  and  BMS/AI  is  not  shared  by  all  members  of 
the  combat  developments  community.  A  more  commonly  held  assumption  is  that 
the  tools  of  artificial  intelligence  will  be  sufficiently  refined  to  meet  the 
currently  projected  schedule  of  BMS  development.  But  both  commercial  and 
military  ventures  into  AI  have  generated  new  respect  for  the  information 
processing  capabilities  of  human  intelligence,  and  in  particular  the  complex¬ 
ity  of  perceptual  and  decision  making  processes.  In  the  application  of  AI  to 
tactical  information  processing,  this  complexity  is  compounded  by  the  turbu¬ 
lent  and  unpredictable  conditions  of  the  battlefield  and  the  criticality  of 
military  decisions  and  operations.  The  current  analysis,  therefore,  postu¬ 
lates  AI  decision  making  capabilities  as  a  far  term  improvement,  and  BMS/AI 
as  a  distinct  level  of  automated  C3  systems. 


The  distinction  made  In  this  report  between  BMS  and  BMS/AI  Is  arbitrary, 
and  not  intended  to  represent  official  policy  of  the  Department  of  the  Army. 
The  purpose  of  the  distinction  Is  simply  to  ensure  a  more  comprehensive 
front-end  analysis  (FEA)  of  the  differential  training  requirements  that  may 
arise  in  the  Iterative  development  and  acquisition  of  lower  echelon  automated 
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C3  systems.  More  detailed  descriptions  of  each  of  these  three  levels  will 
now  be  presented. 


IVIS.  IVIS,  an  Armor  dedicated  weapon  subsystem,  is  an  Integrated  com¬ 
plex  of  technologies  for  acquiring,  processing,  storing  and  transmitting 
lower  echelon  battlefield  information.  The  automated  C3  capabilities  of  IVIS 
will  be  supported  by  a  1553  data  bus  that  allows  continuous  monitoring  and 
updating  of  information  from  the  FM  radio  nets,  the  turret  and  hull  network 
boxes,  and  selected  Block  II  components  such  as  POSNAV,  CO2  LRF  and  CITV. 

This  Information  should  be  made  available  to  the  user  by  way  of  a  monochro¬ 
matic  display  panel,  and  presented  in  both  graphic  and  alphanumeric  formats. 
The  display  panel  will  be  partitioned  into  a  number  of  smaller  display  areas 
with  each  area  dedicated  to  distinct  display  features  and  control  functions. 
The  actual  data  and  control  fields  available  on  IVIS  have  net  yet  been  speci¬ 
fied,  nor  has  the  overall  configuration  and  format  of  the  operator's  display 
panel  interface.  With  the  exception  of  the  digital  terrain  data,  the  proto¬ 
type  BMS  display  presented  in  Figure  1  depicts  the  general  display  configura¬ 
tion  and  control  functions  anticipated  for  both  IVIS  and  BMS. 


Figure  1.  Prototype  BMS  display  (a  =  map  display;  b  =  automatic  function 
keys;  c  =  main  menu  keys;  d  =  transmit  key;  e  =  variable  menu 
display;  f  *  message  display;  g  ■  date  and  time  display). 


Current  projections  assume  that  digital  terrain  data  will  not  be  availa¬ 
ble  for  IVIS.  The  most  likely  alternative  is  that  the  "map"  area  designated 
for  IVIS  will  display  a  military  grid  matrix.  Withlm  this  grid  matrix  the 
user  will  be  able  to  generate,  receive,  store,  and  transmit  graphic  data  such 
as  operational  overlays,  control  measures,  and  unit  symbology.  The  grid 
referencing  system  will  provide  correspondence  between  these  overlays  and  the 
standard  paper  copy  maps.  An  alternative,  and  more  effective  IVIS  system 
would  store  and  provide  digitized  maps  (not  digital  terrain  data)  and  update 
map  presentations  by  means  of  the  grid  referencing  system.  In  either  event, 
the  assumption  made  for  this  analysis  is  that  IVIS  will  not  provide  the 
"flexible"  map  expected  for  BMS,  or  the  "smart"  map  anticipated  for  BMS/AI. 

The  submenu  region  of  the  proposed  IVIS  display  will  be  primarily  de¬ 
signed  for  textual  formats.  Alphanumeric  data  in  the  form  of  messages,  re¬ 
ports,  orders  and  alerts  will  be  composed,  transmitted  and  received  in  this 
region  of  the  user's  Interface  display.  The  input  device,  and  use  of  pre¬ 
formatted  versus  free  field  entries,  are  important  training  requirement  fac¬ 
tors  that  have  not  been  resolved 4  The  assumptions  made  for  this  analysis  are 
that  a  touch-sensitive  interface  or  mouse  and  trackball  input  device  will  be 
used,  and  that  textual  entries  will  be  preformatted  and  menu-driven. 
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All  IVIS-based  communications,  graphic  and  alphanumeric,  will  be  trans¬ 
mitted  and  received  by  way  of  digital  burst  signals  transmitted  by  frequency 
hopping  single  channel  ground/airborne  radio  systems  (SINCGARS).  IVIS  stor¬ 
age  and  interface  features  will  allow  users  to  compose  an  entire  order  or 
report  before  transmission,  verify  its  accuracy,  and  then  digitally  transmit 
the  entire  message  in  millisecond  bursts.  Both  net  access  and  interference 
will  be  monitored  automatically  by  IVIS,  and  call  signs  and  authentication 
procedures  should  be  automatically  annotated  and  processed  for  intervehicular 
communications. 

BMS.  A  primary  enhancement  assumed  for  BMS,  over  IVIS,  in  the  near  term 
is  the  addition  of  digitized  terrain  data  at  1:50,000  scale.  Currently,  De¬ 
fense  Mapping  Agency  (DMA)  data  at  Level  1  (1:50,000)  are  not  available  ex¬ 
cept  for  very  limited  regions  of  the  earth's  terrain.  In  addition,  the 
MIL-STD-1553  data  bus  supporting  IVIS  is  not  powerful  enough  to  process  this 
volume  of  data.  But  when  automated  C3  systems  are  enhanced  with  digital  ter¬ 
rain  data,  significant  advances  in  automating  C3  are  projefcted.  These  ad¬ 
vances  are  anticipated  primarily  because  terrain  visualization  is  one  of  the 
most  difficult  of  all  military  tasks  to  perform  (Barsam  &  Simutis,  1985; 
Rogers  &  Cross,  1981)  and  because  battlefield  geometry  is  fundamentally  spa¬ 
tial,  not  textual,  data.  Consider  the  difficulty  of  giving  someone  direc¬ 
tions  with  or  without  the  aid  of  a  map  or  other  graphic  aids. 

The  geometry  of  the  battlefield  is  a  critical  component  of  nearly  all  C3 
communications,  and  a  digital  terrain  data  base  will  significantly  automate 
and  synchronize  lower  echelon  map  and  operational  overlay  information.  Ter¬ 
rain  visualization  will  be,  at  least  partially,  automated  by  graded  elevation 
shadings  and  horizontal  or  perspective  views  of  the  terrain.  Map  interpreta¬ 
tion  will  be  further  automated  by  selective  call-up  and  delete  capabilities 
which  are  critical  for  avoiding  clutter  on  the  relatively  compressed  size  of 
the  display  Interface.  Selective  call-up  and  delete  features  are  also  in¬ 
strumental  In  allowing  BMS  users  to  tailor  their  map  displays  with  respect  to 
both  individual  and  situational  factors. 

Finally,  the  digitized  terrain  data  base  will  automate  the  process  of 
both  extracting  and  Inserting  tactical  information. t  Line-of-Sight  (LOS)  and 
trafficability  algorithms,  for  example,  will  significantly  automate  terrain 
analysis.  Graphic  presentations  of  both  friendly  and  enemy  weapon  system 
characteristics  such  as  range,  elevation  and  azimuth  will  greatly  assist  the 
excecution  of  such  tasks  as  the  preparation  of  range  cards,  sector  sketches 
and  fire  control  plans.  This  analysis  of  training  requirements  will  more 
explicitly  define  the  extent  of  this  automation  over  a  cross-section  of  PLT 
LDR  tasks. 

In  concluslou,  it  is  noted  that  the  aforementioned  BMS  manipulations  of 
digital  terrain  data  are  achieved  by  algorithmic  transformations  of  the 
data  base,  and  such  transformations  are  not  regarded  as  manifestations  of  ar¬ 
tificial  Intelligence. 


BMS/AI.  While  currently  high  risk  and  even  unforeseen  technological  ad¬ 
vances  may  be  included  in  later  BMS  product  Improvements,  this  analysis  an¬ 
ticipates  that  the  most  significant  enhancement  in  long-term  automated  C3 
will  be  artificial  Intelligence.  In  the  area  of  automated  C3,  the  capstone 
of  an  AI  system  should  provide  an  optimal  tactical  decision  (e.g.,  plan  of 


action)  that  is  based  on  integrated  knowledge  bases,  expert  rule-based  proto¬ 
cols  and  real-time  battlefield  intelligence  data.  For  a  more  complete  discus¬ 
sion  of  the  data-base  and  processing  requirements  for  AI  in  an  applied  Armor 
setting  see  Harris,  Fuller,  Dyck  and  Rogers  (1985). 

This  tactical  decision  making  capability  of  AI  is  significantly  more 
comprehensive  and  complicated  than  the  piece-meal  decision  aids  anticipated 
for  BMS  without  AI  such  as  the  LOS  and  traf f icability  functions  previously 
discussed.  Once  a  tactical  decision  has  been  formulated  by  BMS/AI,  the  sys¬ 
tem  should  be  able  to  automatically  tailor  and  transmit  this  information 
(e.g.,  operations  order  [OPORD],  fragmentary  order  [FRAGO])  in  detail  appro¬ 
priate  to  both  lower  and  upper  echelons.  As  the  execution  of  this  plan  un¬ 
folds,  such  as  the  crossing  of  phase  lines  or  contact  with  the  enemy,  the 
system  should  be  automatically  monitoring,  updating  and  re-analyzing  the 
tactical  situation. 

As  the  subsequent  analysis  of  training  requirements  suggests,  this  level 
of  Cr  automation  may  significantly  reduce  the  task  load  and  training  require¬ 
ments  associated  with  the  PLT  LDR  position.  As  stated  previously,  BMS/AI  is 
a  far  term  system  that  is  included  in  the  present  analysis  to  ensure  a 
more  comprehensive  FEA  and  to  more  explicitly  identify  potential  AI  applica¬ 
tions  for  lower  echelon  C  . 


METHODOLOGY 


Task  Requirements 

Training  requirements  must  be  based  on  task  requirements.  This  analysis 
of  BMS  training  requirements  is  based  on  the  task  requirements  associated 
with  the  PLT  LDR's  position.  The  PLT  LDRs  position  was  selected  for  several 
reasons.  First,  there  has  been  considerable  speculation  that  the  actual 
"fighters"  on  the  battlefield  will  have  neither  the  time  or  inclination  to 
utilize  automated  systems.  It  is  assumed  that  as  levels  of  automation 
increase,  these  front-line  personnel  will  be  relieved  of  their  more  burden¬ 
some  C3  duties  and  thereby  more  capable  of  pressing  the  conflict.  Secondly, 
as  front-line  personnel,  PLT  LDRs  collectively  possess  a  firsthand  knowledge 
of  the  combat  situation  that  is  critical  to  informed  C^.  And  finally,  be¬ 
cause  of  front-line  attrition  and  the  relatively  limited  military  background 
of  a  PLT  LDR  the  training  requirements  associated  with  this  position  are  of 
particular  importance. 

The  task  requirements  associated  with  the  PLT  LDR  position  were  taken 
from  MTP  17-15-1,  The  Tank  Platoon  Mission  Training  Plan  (1985).  While  this 
is  both  an  individual  and  collective  training  plan,  the  tasks  and  standards 
associated  with  collective  platoon  performance  are  central  to  the  PLT  LDR's 
responsibilities  for  Cr.  This  MTP  provides  a  relatively  complete  list  of  the 
tactical  training  requirements  associated  with  the  platoon  leader's  position. 
This  MTP  was  selected  as  the  source  document  for  this  analysis  because  of 
its  emphasis  on  tactical  training  and  its  inclusion  of  training  and  evalua¬ 
tion  outlines  (T&EO)  which  list  all  tasks,  subtasks,  and  supporting  tasks 
required  for  mission  accomplishment. 


A  representative  cross-section  of  PLT  LDR  tasks,  and  all  C"  tasks,  listed 
in  17-15-1  were  selected  for  this  analysis  and  are  presented  in  Table  1.  The 
tasks  in  Table  1  are  combined  under  three  fundamental  categories  of  maneuver 
warfare:  Command,  Control  and  Communication;  Force  Movement;  and  Offensive 
and  Defensive  Operations.  For  purposes  of  exposition,  some  of  the  original 
categories  listed  in  17-15-1  have  been  consolidateo  under  the  Table  1  head¬ 
ings.  For  example.  Perform  a  Nuclear  Contaminated  Area  Crossing  is  presented 
under  Force  Movement  rather  than  a  separate  NBC  category,  and  Offensive  and 
Defensive  Operations  are  combined  into  one  category. 


Table  1 


Platoon  Leader's  Tasks  by  Category 


Command,  Control 
&  Communication 


Force  Movement 


Of f ensive/Def ensive 
Operations 


Perform  Platoon  Leader 
Reconnaissance 

O 

Provide  C  of  a  Platoon 
Perform  Tactical  Planning 
Perform  Contact  Point 
Activities 

Conduct  Rehearsals  for 
Mission 


Perform  Tactical  Road 
March 

Execute  Actions  at  a 
Halt 

Execute  Traveling 
Perform  a  Nuclear  Con¬ 
taminated  Crossing 


Execute  a  Hasty 
Attack 

Perform  Assault 

Force  Activities 
Assault  an  OPFOR 
Position 

Perform  Consolida¬ 
tion  Activities 
Occupy  a  Battle 
Position 


Training  Requirements 


Given  the  developmental  nature  of  the  lower  echelon  C^  systems,  this 
analysis  was  based  on  the  primary  functional  capabilities  anticipated  for 
each  of  the  three  levels  of  automated  systems  under^ consideration  —  IVIS, 
BMS,  BMS/AI.  Until  design  specifications  are  formulated  and  operable  systems 
are  developed,  a  quantitative  and  objective  task  and  skill  analysis  (TSA)  of 
the  human  performance  required  on  each  system  can  not  be  prepared.  This 
preliminary  analysis  has  been  based  on  C^  system  functions  and  capabilities 
as  previously  discussed,  user  information  and  interface  requirements  obtained 
(Jobe,  1986;  Lickteig,  1986)  using  BMS  prototypes,  and  the  automated 
capabilities  projected  in  the  BMS  0&0  Plan.  This  subjective  analysis  of 
training  requirements  was  originally  performed  by  ARI  personnel  and  then 
reviewed  by  subject  matter  experts  (SMEs)  from  the  Directorate  of  Combat 
Developments  (DCD). 


The  primary  objectives  of  this  analysis  were  to  identify  the  range  and 
nature  of  PLT  LDR  tasks  affected  by  these  automated  C^  systems  and  the  extent 
to  which  the  performance  of  these  tasks  might  become  easier,  more  difficult 
or  at  least  partially  eliminated  by  automation.  The  analysis  also  addressed 
the  issue  of  training  devices  by  identifying  which  of  the  PLT  LDR  tasks  af¬ 
fected  by  automated  C3  could  be  trained  by  stand-alone  training  devices  ver¬ 
sus  which  tasks  would  require  an  interactively,  networked  configuration  of 
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training  devices.  Other  training  requirements  considered  in  this  analysis,  I 

but  not  included  in  Appendix  A,  were  training  media,  training  site,  and 

personnel  assignment  and  selection.  ! 


Rating  System 

The  results  of  this  analysis  for  these  primary  objectives  are  presented 
in  Appendix  A.  Before  presenting  these  results,  a  brief  explanation  of  the 
table  headings  and  entries  is  provided  below  and  summarized  in  Table  2.  The 
general  heading  of  Appendix  A  begins  with  the  list  of  PLT  LDR  tasks  in  the 
first  column.  Subheadings  within  this  column  indicate,  in  succession,  the 
functional  category  (e.g.,  C3,  Force  Movement),  the  primary  task  being  ana¬ 
lyzed,  and  finally  the  subtasks,  standards  and  supporting  tasks  included 
under  the  primary  task.  The  next  three  columns  of  the  table  heading  specify, 
in  order,  the  three  levels  of  C3  systems  addressed  by  this  analysis — IVIS, 
BMS,  and  BMS/AI.  The  final  column  in  the  table  heading  addresses  the  issue 
of  training  device  configuration,  stand-alone  or  networked  training  devices. 
This  issue  of  device  configuration  was  not  considered  specific  to  any  of  the 
three  levels  of  C3  systems  under  consideration;  the  recommendations  concern¬ 
ing  training  device  configurations  apply  to  all  three  levels  of  automated  C3 
systems. 


This  preliminary  analysis 
mary  tasks  listed  in  Table  1 
supporting  tasks  required  for 
quirements  for  all  subtasks, 
also  included  in  Appendix  A. 
tory  are  expected  to  provide 
PLT  LDRs  and  an  index  of  the  pervasive  impact  of  automated  CJ  at  the  lower 
echelon. 


of  training  requirements  for  each  of  the  pri- 
also  included  all  of  the  subtasks,  standards  and 
execution  of  the  primary  task.  Training  re¬ 
standards  and  supporting  tasks  are  therefore 
The  wide  range  of  tasks  included  in  the  inven- 
a  representative  sample  of  the  tasks  required  of 


The  first  requirement,  COMMONALITY,  indicates  whether  the  training  re¬ 
quirement  for  the  task  in  question  is  the  "same"  (S,s)  as  conventional  train¬ 
ing  or  "different"  (D,d)  do  to  the  introduction  of  an  automated  C3  system. 
Tasks  were  rated  as  "different"  when  either  the  procedures  or  the  tools  for 
executing  a  task  were  affected  by  an  automated  C3  system.  The  task  of  map 
reconnaissance,  for  example,  was  rated  as  "same"  under  IVIS  which  does  not 
provide  a  digital  map  display.  Platoon  leaders  equipped  with  IVIS  must 
still  refer  to  their  paper  maps  to  perform  map  reconnaissance.  Under  BMS, 
however,  this  task  was  rated  as  "different"  although  the  platoon  leader  must 
analyze  the  same  terrain  features  currently  considered  for  map  reconnais¬ 
sance.  But  with  the  digital  map  display  of  BMS  the  platoon  leader  can  selec¬ 
tively  tailor  his  map  to  more  directly  and  systematically  analyze  the 
tactical  aspects  of  key  terrain  (e.g.,  line-of- sight,  traf f icability  etc.). 


Upper  case  letters  in  Appendix  A  indicate  primary  tasks  and  lower  case 
letters  are  used  for  all  subtasks,  standards  and  supporting  tasks.  Ratings 
for  the  primary  task  are  provided  as  a  summary  indicator  of  the  Cr  system's 
impact  across  all  subordinate  and  supporting  tasks.  When  performance  of  a 
task  has  been  completely  automated  by  an  advanced  C3  system,  this  column  has 
been  left  blank  to  indicate  that  performance  of  the  task  has  been  eliminated 
and,  therefore,  no  significant  training  requirement  may  exist  (except  for 
degraded  modes). 
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The  second  requirement,  Difficulty,  indicates  whether  the  automated  CJ 
system  has  made  the  task  "easier"  (E,e)  or  "potentially  harder"  (H?,h?)  to 
perform,  or  if  the  task  has  been  "partially  automated"  (PA, pa)  or  completely 
"automated”  (A, a).  IVIS,  for  example  should  make  a  number  of  PLT  LDR  tasks 
easier  by  providing  check  lists  and  initiating  cues  to  facilitate  task  per¬ 
formance  without  actually  automating  or  eliminating  any  of  the  task  compo¬ 
nents.  On  the  other  hand,  preparing  textual  portions  of  a  report  or  order 
using  message  formats  and  menus  may  be  more  difficult  than  conventional  voice 
(FM  radio)  procedures.  To  indicate  that  these  tasks  may  increase  task  diffi¬ 
culty  they  are  rated  as  potentially  harder  (h?)  than  conventional  reporting 
requirements.  Finally,  the  graphic  portions  (e.g.,  operational  overlays)  of 
a  PLT  LDR's  order  or  report  on  IVIS  will  be  manually  generated  but  automatic¬ 
ally  transmitted  and,  therefore,  are  listed  as  partially  automated  (pa).  When 
the  task  has  been  analyzed  as  the  "same"  under  Commonality  no  entry  was  in¬ 
cluded  under  Difficulty,  to  more  clearly  indicate  where  changes  in  PLT  LDR 
training  requirements  were  anticipated. 


Table  2 


Description  of 

Training  Requirement 

Ratings 

in  Appendix  A 

Requirement 

Rating 

Entry 

Issues 

Commonality 

Same 

s 

Is  the  PLT  LDRs  task  using  an 

Different 

d 

automated  C^  system,  the  same 

or  different  than  conventional 
task  performance? 


Difficulty 

Easier 

e 

Is  the  PLT  LDRs  task  easier. 

Potentially  Harder 

h? 

harder,  partially  automated  or 

Partially  Automated 

pa 

completely  automated  using  the 

Automated 

a 

automated  CJ  system? 

Configuration 

Stand-Alone 

* 

t 

Can  the  PLT  LDRs  task  be 

Network 

* 

trained  using  a  stand-alone 
automated  CJ  system,  or  must 
the  Cr  system  be  networked  for 
intervehicular  transmissions? 

The  final  training  requirement  Included  in  Appendix  A,  Configuration,  in¬ 
dicates  whether  the  task  in  question  can  be  trained  with  an  independent  or 
"stand-alone"  (SA,sa)  training  device  or  simulator,  or  whether  training  for 
the  task  will  require  that  a  number  of  training  devices  be  linked  together  to 
form  a  communication  "network"  (N,n).  Tasks  rated  as  "same"  across  all  sys¬ 
tems,  indicating  no  change  in  task  or  training  requirements,  were  not  as¬ 
signed  a  rating  under  this  column. 


Additional  training  requirements  considered  in  this  analysis  such  as 
training  media,  training  site,  and  personnel  selection  and  assignment  prob¬ 
lems  are  discussed  in  the  following  section. 


RESULTS  AND  DISCUSSION 

Results  are  based  on  the  training  requirement  ratings  provided  in  Appen¬ 
dix  A.  All  ratings  were  reviewed  by  SMEs  from  the  Directorate  of  Combat 
Developments.  Percentages  are  based  on  the  relative  frequency  of  a  given 
rating  across  all  tasks,  subtasks,  and  supporting  tasks  appearing  in  Appendix 
A.  Results  are  limited  to  the  tasks  included  in  MTP  17-15-1  which  focuses  on 
the  tactical  training  requirements  for  platoons  and  platoon  leaders. 

Task  Commonality 

Automated  command  and  control  systems  will  affect  a  wide  range  of  PLT  LDR 
tasks  and  the  training  requirements  for  these  tasks.  Of  particular  interest 
is  the  impact  of  automated  C3  systems  on  the  training  requirements  for  the 
category  of  PLT  LDR  tasks  specifically  designated  as  C3.  This  analysis  found 
that  even  a  first-generation  C3  system,  IVIS,  will  change  the  PLT  LDR's  task 
and  training  requirements  for  over  502  of  the  C3  tasks  and  subtasks  listed  in 
Appendix  A.  As  the  level  of  automation  increases  with  BMS  and  BMS/AI,  over 
902  of  these  tasks  and  subtasks  will  be  affected. 


This  change  in  training  requirements  is  clearly  not  limited  to  those 
tasks  formally  included  by  17-15-1  under  the  category  of  C3,  but  extends — 
albeit  to  a  lesser  extent — throughout  the  sample  of  tasks  included  under  the 
categories  of  Force  Movement,  Offensive  Operations  and  Defensive  Operations. 
The  majority  of  all  tasks  considered  under  each  of  the  PLT  LDR  functional 
categories  will  be  performed  differently  when  the  more  advanced  C3  systems, 
BMS  and  BMS/AI,  are  fielded.  The  pervasive  Impact  of  these  more  advanced  C3 
systems  on  PLT  LDR  training  requirements  may  be  best  summarized  by  noting 
that  only  10-152  of  all  tasks  and  subtasks  listed  in  Appendix  A  were  rated 
"same”  or  unaffected  by  the  objective  system,  BMS/^I. 


Task  Difficulty 

Automated  command  and  control  systems  will  significantly  reduce  the  dif¬ 
ficulty  of  performing  and  training  PLT  LDR  tasks,  and  the  more  advanced  sys¬ 
tems  will  at  least  partially  eliminate  many  of  these  tasks  through 
automation.  IVIS,  for  example,  when  considered  across  all  categories  of  PLT 
LDR  performance  listed  in  Appendix  A  was  found  to  make  "easier"  approximately 
252  of  the  task  and  subtask  entries,  and  "partially  automate"  an  additional 
252.  Tentative  ratings  of  "harder"  (h?)  were  projected  only  for  a  few 
IVIS-based  tasks,  namely,  the  preparation  of  textual  reports  and  orders.  On 
the  other  hand,  only  one  IVIS-based  task,  Determine  a  Location,  was  rated  as 
completely  "automated” — a  function  of  IVIS's  Interface  with  the  POS  NAV  sys¬ 
tem. 

As  the  levels  of  automation  Increase  with  later-generation  C3  systems, 
approximately  602  of  the  BMS-based  PLT  LDR  tasks  were  rated  as  either 


"partially  automated"  or  completely  "automated,"  and  80%  of  the  BMS/AI  PLT 
LDR  tasks  were  rated  as  "partially  automated"  or  completely  "automated." 

More  specifically,  within  the  C3  category,  the  cumulative  impact  of  these 
later-generation  C3  systems  should  actually  eliminate  a  sizeable  portion  of 
the  PLT  LDR  task  requirements.  The  objective  system,  BMS/AI,  may  result  in 
the  complete  automation  of  the  majority  of  all  C3  tasks  and  subtasks  listed 
in  Appendix  A. 

The  effect  of  these  automated  functions  on  training  requirements  must 
address  the  issue  of  system  operability.  Assuming  fully  operable  C r  systems, 
the  training  requirements  would  be  significantly  reduced  for  the  majority  of 
all  tasks,  and  eliminated  for  many  additional  tasks.  Degraded  C3  systems, 
per  se,  should  not  significantly  impair  conventional  PLT  LDR  task  performance 
(i.e.,  retention  of  voice  in  nets),  to  the  extent  that  PLT  LDR's  have  been 
trained  for  degraded  conditions  and  have  not  become  overly  dependent  on  auto¬ 
mated  capabilities. 


Device  Configuration 

Many  of  the  tactical  training  requirements  for  the  PLT  LDR’s  utilization 
of  automated  C3  systems  can  be  met  using  stand-alone  C3  training  devices. 

This  issue  of  training  device  configuration  is  an  important  aspect  of  C3 
training  requirements  with  respect  to  the  allocation  of  training  resources. 

In  particular,  the  analysis  suggests  that  tactical  planning  and  report  prepa¬ 
ration  can  be  addressed  by  independent  training  devices.  Within  the  category 
of  C3  platoon  leader  tasks  this  analysis  found  that  the  majority  of  these 
tasks  can  be  trained,  at  least  at  the  earliest  stages  of  training  with 
stand-alone  C3  devices. 

Over  all  the  Appendix  A  PLT  LDR  functional  categories,  however,  only  a- 
pproximately  25%  of  the  tasks  can  be  supported  by  stand-alone  training 
devices.  At  least  60%  of  these  tasks  will  require  that  C3  training  systems  be 
"networked"  to  simulate  intervehicular  transmissions.  Training  requirements 
for  the  remaining  10-15%  of  the  Appendix  A  entries,  as  previously  noted,  were 
rated  as  "same"  or  unaffected  by  the  fielding  of  automated  C3  systems. ^ 


Additional  Training  Requirements 

Key  training  requirement  issues  are  the  selection  of  training  media  and 
the  design  and  development  of  training  devices.  Given  the  computer-based 
nature  of  these  automated  C3  systems,  an  ideal  training  media  would  appear  to 
be  computer-based  Instruction  (CBI).  Fortunately  CBI  is  an  integral  compo¬ 
nent  of  the  Automated  Classroom  concept  which  is  currently  being  implemented 
by  the  US  Army  Armor  Center  (USAARMC).  And  many  of  the  hardware  resources  for 
this  training  media  may  soon  be  available  at  both  institutional  and  reserve 
component  training  sites.  As  the  analysis  has  indicated,  however,  training 
for  many  of  the  PLT  LDR'b  tasks  will  require  an  interactive  network  of  C3 
training  devices  and  this  is  a  resource  intensive  configuration  particularly 
with  respect  to  supporting  hardware.  Software  and  courseware  packages  for 
simulating  and  training  automated  C3  system  functions  must  be  anticipated, 
and  are  identified  as  Important  training  requirement  issues  to  be  addressed 
by  the  SMMP. 


Embedded  training;  the  integration  of  a  training  package  into  the  actual 
weapon  system,  is  also  identified  as  a  critical  training  requirement  to  be 
included  in  the  SMMP.  The  instructional  potential  of  computer-based  systems 
should  result  in  the  design  specification  of  embedded  training  for  these 
automated  C3  systems  to  support  both  unit  and  sustainment  training.  The 
cost-effectiveness  of  both  CBI  and  embedded  training  for  reducing  the  need 
for  Instructor  and  institutional  resources  provides  additional  support  to 
thi6  requirement. 

Another  important  training  requirement  issue  is  determining  the  location 
or  site  in  which  training  activities  might  take  place.  The  current  analysis 
has  focused  on  a  distinction  between  classroom  versus  field  training 
locations.  This  analysis  suggests  that  the  majority  of  PLT  LDR  tasks  consid¬ 
ered  can  be  initially  trained  in  a  classroom  or  institutional  setting.  More 
specifically,  all  of  the  tasks  listed  under  the  C3  category,  with  the  excep¬ 
tion  of  several  tasks  requiring  ground  reconnaissance  or  navigation,  appear 
suitable  for  at  least  initial  training  in  the  classroom.  *For  the  Offensive 
and  Defensive  categories,  PLT  LDR  tasks  such  as  tactical  planning,  the  issue 
of  the  plans,  and  the  coordination  of  plans  among  echelons  can  all  be  ini¬ 
tially  trained  in  a  classroom  equipped  with  C3  training  devices.  In  general, 
tasks  requiring  field  training  sites  are  terrain  and  weapon  system  dependent 
such  as  the  actual  execution  of  movement,  occupation  and  assault  operations. 

A  final  training  requirement  issue  is  the  identification  of  potential 
training  and  assignment  problems.  As  indicated  in  Appendix  A  the  proposed 
automated  Cr  systems  may  require  that  users  submit  and  receive  textual  re¬ 
ports,  orders  and  messages.  To  the  extent  that  voice  transmissions  are 
eliminated,  automated  C3  systems  may  require  substantially  more  training  time 
and  resources  than  conventional  C3.  While  voice  synthesis  and  recognition 
capabilities  may  be  sufficiently  advanced  for  integration  into  BMS  and 
BMS/AI,  they  are  not  anticipated  for  IVIS.  Directly  related  to  this  issue  of 
textual  rather  than  vocal  communication  protocols,  potential  assignment  prob¬ 
lems  should  be  investigated.  Whether  personnel  minimally  meeting  the  current 
verbal  and  reading  ability  standards  will  be  able  to  compose  accurate  non¬ 
vocal  reports  using  these  automated  C3  systems  must  be  empirically  resolved. 


CONCLUSIONS 

Based  on  the  tactical  training  requirements  of  the  platoon  leader's  mis¬ 
sion  training  plan,  MTP  17-15-1,  this  analysis  has  documented  the  pervasive 
impact  of  automated  C3  systems  on  the  current  tasks,  subtasks,  and  standards 
associated  with  platoon  leader  performance.  Automated  C3  systems  will  affect 
an  Increasing  number  of  current  platoon  leader  task  and  training  require¬ 
ments.  And  the  impact  of  these  automated  C3  systems  is  clearly  not  limited 
to  the  category  of  C3  tasks,  but  extends  to  each  of  the  fundamental  catego¬ 
ries  of  lower  echelon  maneuver  warfare  included  in  MTP  17-15-1. 

A  primary  conclusion  of  this  analysis  is  that  these  automated  C  systems 
will  substantially  reduce  the  current  task  and  training  requirements  associ¬ 
ated  with  small  unit  leadership.  This  reduction  will  be  accomplished  by 
automating,  or  at  least  partially  automating,  many  of  the  time-consuming  and 
repetitive  manual  and  cognitive  tasks  required  for  planning,  monitoring,  and 


reporting  combat  operations  at  the  lower  echelon.  In  addition,  this  analysis 
has  identified,  in  a  general  way,  some  of  the  unique  training  requirements 
associated  with  the  operation  and  utilization  of  these  automated  CJ  systems. 


For  nonresident  training  it  is  concluded  that  the  computer-based  nature 
of  these  automated  systems  provides  an  excellent  medium  for  embedded  training 
programs.  The  initial  priority  of  this  embedded  training  is  a  tutorial  pro¬ 
gram  that  provides  users  a  clear  and  self-explanatory  introduction  to  the 
utilization  and  capability  of  all  display  and  control  functions  provided  by 
the  automated  command,  control,  and  communication  system.  A  more  comprehen¬ 


sive  embedded  training  package  should  provide  users  the  opportunity  to 
interactively  practice  the  utilization  of  these  capabilities  in  the  con¬ 


text  of  realistic  mission  scenarios  and  exercises. 


It  Is  also  concluded  that  for  residential  training,  computer-based  in¬ 
structional  (CBI)  programs  be  developed  in  support  of  these  automated 
systems.  These  CBI  programs  should  include  the  training  components  described 
above  for  embedded  training,  but  also  provide  a  more  comprehensive  and  adap¬ 
tive  training  package.  In  particular,  this  CBI  should  be  tailored  for  vari¬ 
ous  users  and  multiple  levels  of  training,  from  preliminary  to  advanced. 

This  computer-based  instruction  should  also  include  such  Instructional  fea¬ 
tures  as  self-paced  and  adaptive  training,  immediate  feedback  and  knowledge 
of  results  for  users,  and  an  evaluation  of  user  proficiency  for  instructors. 
To  reduce  the  system  costs  associated  with  these  training  requirements,  it  is 
noted  that  this  CBI  could  be  developed  to  operate  on  the  Electronic  Informa¬ 
tion  Delivery  System  (EIDS)  which  is  the  Army  Standard  for  CBI. 


Finally,  it  is  recommended  that  the  development  of  these  automated  train¬ 
ing  systems  should  be  pursued  as  quickly  as  possible.  To  proceed  beyond  the 
level  of  preliminary  analysis  to  a  more  formal  set  of  training  requirements 
for  automated  C3  systems,  prototype  systems  must  be  extensively  utilized  and 
tested  by  both  users  and  professional  trainers.  In  particular,  the  Issues  of 
informational  overload  and  personnel  assignment  and  selection  can  only  be 
accurately  assessed  when  operative  systems  are  placed  in  the  hands  of  poten¬ 
tial  users  and  trainers.  Automated  training  systems  in  residential  and  non- 


resldential  settings  could  then  be  used  not  only  in  support  of  training  for 
currently  fielded  C^  systems,  but  also  as  a  test  bed  for  ensuring  that  both 


user  and  training  requirements  are  included  in  the  design  and  development  of 
future  automated  C^  systems. 


By  considering  now  the  potential  training  requirements  of  future  auto¬ 
mated  CJ  systems,  the  Army  may  better  ensure  that  operator  performance  is 
optimized  and  training  requirements  are  minimized.  The  timely  Identification 
of  training  requirements,  such  as  those  identified  in  this  report,  should 


result  in  their  explicit  specification  in  these  systems'  source  selection 
documents  and  Required  Operational  Capabilities  (ROC).  The  intent  of  the 


current  analysis,  therefore,  has  been  to  identify  a  preliminary  set  of  train¬ 


ing  requirements  that  must  be  continuously  addressed  and  refined  as  BMS  and 
related  automated  C3  systems  for  lower  echelons  move  through  the  Life  Cycle 
System  Management  Model  (LCSMM). 
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